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Introduction
[2] Magnetic clouds (MCs) are defined as interplanetary magnetic flux ropes with the following observational criteria [Burlaga, 1995] : (1) smooth rotations of the magnetic field direction of about 180°over about a day, (2) enhanced magnetic field strengths, and (3) low proton temperatures and low proton b. They compose about one quarter of all interplanetary CMEs (ICMEs) [Cane and Richardson, 2003] . Properties of MCs such as their types of rotation and their variations through the solar cycle have been extensively studied [Wimmer-Schweingruber et al., 2006; Forbes et al., 2006] . The magnetic field structure has been modeled as a locally cylindrically symmetric constant a force-free field in which B r , the field component perpendicular to the rope axis, is 0, and the B and B z components are described by Bessel functions [Burlaga, 1995] . The well known cartoon introduced by Burlaga et al. [1990] and widely reproduced [Burlaga, 1995, Figure 6.5] shows schematically that the field lines are more highly wound and therefore longer in length with increasing distance from the flux rope axis.
Whether the field lines connect back to the Sun as flux rope footpoints was left uncertain, although others have assumed extension of the flux rope structure to the Sun [e.g., Farrugia et al., 1993; Larson et al., 1997; Zurbuchen and Richardson, 2006] .
[3] MC modeling efforts have become more sophisticated to take into account MC pressure gradients and dynamic expansions [Russell and Mulligan, 2003; Forbes et al., 2006] . Multiple spacecraft fits to MCs based on observations with STEREO spacecraft separations on the order of the MC radius R 0 are now beginning and appear to confirm the basic flux rope model [Liu et al., 2008; Kilpua et al., 2009] . However, because all MC models have been developed using near-Earth observations [Zurbuchen and Richardson, 2006] , independent techniques are needed to verify the model fits and to explore the large-scale magnetic structures connecting the local MC fields with solar fields.
Solar Energetic Particles as Probes of MC or ICME Magnetic Structures
[4] While the heat-flux electron BDEs are the standard signatures of closed magnetic fields in MCs [Shodhan et al., 2000; Larson et al., 1997] and ICMEs in general, attempts to use heat-flux pitch-angle distributions (PADs) to resolve a distinct population of BDEs from unidirectional periods have not been successful. Ratios of the ∼350 eV electron flux parallel and antiparallel to the interplanetary magnetic field (IMF) to that perpendicular to the IMF yielded the expected statistical bimodal plot of unidirectional heat fluxes but no evidence of a separate BDE population [Feuerstein et al., 2004] indicating closed magnetic topologies. Owens et al. [2009] modeled the behavior of the 272 eV electron strahl widths in MCs as a function of distance from the MC magnetic axis. They assumed the standard Lundquist fit to a constant-a force-free flux rope, self-similar expansion and kinematic distortion of the MC with heliocentric distance, and adiabatic focusing and pitch-angle scattering of the electrons. Their model strahl widths were broadest in the poloidal fields near the boundaries and narrowest at the more toroidal fields closest to the MC axes. Their superposed epoch profiles of 74 MC strahl widths showed some evidence for that shape, but the trend was much weaker than predicted by their model. Thus while the BDEs provide an intuitively satisfying signature of closed magnetic fields in ICMEs, our confidence in that interpretation is not secure.
[5] Perhaps the optimum energetic particle population for probing ICME or MC structures are solar energetic (≥10 keV) electron events. E > 40 keV electron events have been reported in four ICMEs out to 5.4 AU on the Ulysses spacecraft [Malandraki et al., 2000 [Malandraki et al., , 2001 , indicating continued solar magnetic connection well beyond 1 AU and including one ICME extending to 4.1 AU well south of the ecliptic at 43°S heliograph latitude. Observed electron BDEs in the ICMEs indicated possible closed loops or reflection from magnetic mirrors formed beyond the spacecraft. In the case of closed loops the BDEs could arise from electron injections at the second solar footpoint or reflection from the converging fields above that footpoint [Richardson, 1997] , even after that footpoint has undergone interchange reconnection [Crooker et al., 2002] in the corona to become an open loop. As with the Ulysses ICMEs, E > 40 keV electron observations in two ICMEs in October/November 2003 on the ACE spacecraft [Malandraki et al., 2005] showed extensive periods of both unidirectional and BDE flows suggesting complex magnetic geometries, with the origins of the BDEs uncertain.
Solar E ≥ 10 keV Electrons as Probes of MC Field Lines
[6] The work cited above has focused on establishing MC or ICME field line connectivity to the Sun or the open versus closed field line topology. Because their small gyroradii (≤10 2 km in a 10 g field) constrain the electrons to follow closely the field lines from Sun to 1 AU, solar energetic electron events may allow us to measure field line lengths and provide more definitive tests of MC model fields. The solar injection times are usually defined by associated type III radio bursts, and the 1 AU onset times of essentially scatter-free electrons yield the lengths to 1 AU of the MC field lines traversed by the electrons.
[7] Multiple energetic electron injections observed in an MC on 18-20 October 1995 allowed Larson et al. [1997] to validate quantitatively MC model field line lengths from the Sun to 1 AU (Figure 1 ). Their result is accepted [e.g., Reconstructed from Larson et al. [1997] .
KAHLER ET AL.: ELECTRON PROBES OF MC FIELD LINE LENGTHS A01104 A01104 Richardson, 1997; Wimmer-Schweingruber et al., 2006; Linton and Moldwin, 2009] as both a confirmation of the technique and support for twisted flux rope models. The technique is a scientific objective of the current STEREO In situ Measurements of Particles And CME Transients (IMPACT) investigation Luhmann et al., 2008] .
[8] Despite its apparent success, however, this technique has not been applied to other MCs. Furthermore, except for the inferred ≥3 AU travel path of the first electron event of Figure 1 , the subsequent inferred path lengths appear consistent with either the MC model or with a ∼1.2 AU spiral field line length. There is clearly a need for further testing of MC models, particularly in the outer portions of MCs where the tightly wound field lines should result in long (≥3 AU) path lengths. To accomplish this comparison we must find MCs with suitable cases of solar electron events, calculate the model field line lengths, and then compare the model lengths with those inferred from the electron onsets.
Data Analysis

Electron Event Selection and Analysis
[9] For a comprehensive and consistent MC list we used Magnetic Cloud Table 2 , maintained at http://lepmfi.gsfc. nasa.gov/mfi/mag_cloud_S1.html, where the numbered 1-100 MC start and stop times and model parameter fits [Lepping et al., , 2006 are given for the period 1995-2007. The MC parameters are derived from a constant-a, cylindrically symmetric MC model using the Lundquist solution and are based on observations with the Magnetic Field Investigation (MFI) dual magnetometers on the Wind spacecraft [Lepping et al., 1995] . The MC time intervals were compared with lists of impulsive E > 30 keV electron events detected with the Wind 3DP instrument [Krucker et al., 1999] to select those events occurring within or on the boundaries of the MCs. We found a total of 18 MCs within which 32 3DP electron event onsets occurred. Six MCs were associated with multiple (2 to 5) electron events. For this investigation we have examined 22 electron events in 8 MCs, listed by their MC number and quality of fit Q 0 in Table 1 . Those MCs were selected for occurrence of multiple electron events and for electron event locations near the MC boundaries, which provide the best tests of field line lengths, as discussed below. As tests of the electron travel distances outside the MCs we included eight more electron events occurring within 18 h of the MC boundaries for a total of 30 electron events.
[10] For each electron event the onset times in each channel of the 3DP electrostatic analyzer (EESA) and/or solid state telescope (SST) where those onsets were sufficiently clear were determined using the procedure described by Krucker et al. [1999] . To determine the electron solar release time (SRT), we subtracted the 8.3-min Sun-Earth travel time of light from the peak time of the associated preceding WAVES type III radio burst at ∼14 MHz, given in column 2 of Table 1 . The travel distance Le was calculated for each energy by multiplying the electron average speed, using the geometric mean energy of each 3DP channel, by the time interval from SRT to onset at Wind. 
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shows the WAVES plot and the b = v/c, inverse b, and inferred path length for each energy channel for two of the three events. In column 5 of Table 1 we give the approximate range of the path lengths Le for each event based on both the onset timing uncertainties of each energy channel, as indicated in Figures 3a and 3b , and the differences among those channels. The number of usable channels is given for each event in column 6 of Table 1. In general, the more channels used, the better the Le determination.
[11] If the MC is a flux rope connected to the Sun at both ends, it is possible that the energetic electrons might arrive from the longer leg [Richardson and Cane, 1996; Richardson, 1997] , contrary to the assumption we make in the next section about the field line lengths. We have checked this possibility by confirming that the initial electron flow directions (parallel or antiparallel to the IMF) match those of the heat-flux electrons in all events excepting several cases in which the heat-flux BDEs precluded a clear dominant flow direction.
[12] This technique of inferring particle travel path lengths based on onset times in individual energy channels was also used by Larson et al. [1997] , as shown in Figure 1d .
Although subject to uncertainties, the popular alternative technique is to use the slopes of the inverse-b plots [Kahler and Ragot, 2006] directly to yield the electron travel distances, and we give those distances D, determined by eye fits to the inverse beta plots, in column 7 of Table 1 . In general, D < Le and is often unphysical, i.e., D ≤ 1.2 AU. The individual channels used here are preferred to the inverse-b technique.
[13] A critical assumption of our analysis and that of Larson et al. [1997] is that the solar electron injections occurred at the times of type III bursts. This assumption is contrary to the finding of electron injection delays from the type III bursts by ∼5-20 min [Haggerty and Roelof, 2002; Haggerty et al., 2003] . That result, however, is based on an assumed 1.2 AU electron travel distance for beamed scatterfree electrons and remains controversial [Kahler, 2007] . Recent work to calculate model IMF lengths to 1 AU resulting from their extension by solar wind turbulence shows increases of simple spiral lengths by factors of ∼1.3-1.6 [Ragot, 2006; Ragot and Kahler, 2008] , which could account for ∼6-12 min, or nearly all of the calculated electron injection delays. All but one of our Le values (Table 1 and Figures 7 and 8 ) exceed 1.2 AU, in agreement with our assumed type III burst injections, and would be inconsistent with much shorter travel distances based on assumed injection delays of ∼10 min.
Magnetic Field Line Length Calculations
[14] To compare the electron travel distances Le with the model field line lengths, we first let R 0 be the radius of the cylindrical cross section of the MC at 1 AU and let r be the distance from the axis. Thus r/R 0 is the dimensionless distance from the cloud axis. On the basis of CME coronagraph images we estimate the Sun-to-Sun length of the axial magnetic field line that reaches 1 AU at its most distant point to be 2.7 AU and have chosen a range of axial field line lengths L 0 from the spacecraft to the Sun as 1.35 ± 0.25 AU. Outside of the MCs a constant 1.2 AU Parker field line length is used. We use two methods to calculate the MC field line lengths. First, we use the traditional Lundquist solution [Burlaga, 1995; Lepping et al., 2003 Lepping et al., , 2006 for which the length L L of any field line from the Sun can be computed assuming a two-dimensional topology, characteristic of force-free flux ropes with no field components perpendicular to the rope axis. L L can be expressed in terms of the axial and tangential components of the MC magnetic field, which are orthogonal to each other:
where J 0 and J 1 are Bessel functions, dl is an infinitesimal line segment along the axial field line, and a is a dimensionless constant usually set to the value of 2.4. The term under the square root is independent of dl and can be removed from the integral, thus making the integral trivial and yielding the length L L of the axial uncoiled field line [Farrugia et al., 1993] . That is, the MC field line length at any distance r from the axis of symmetry can be expressed as a function of the central field line length L 0 . Note that this result is independent of the variation of R 0 as a function of r, the distance from the Sun. Using the 1 AU MC fits [Lepping et al., 2006] for the timing and geometry, L L at any point inside the MC can be estimated and compared to particle observations as shown for MCs 21 and 81 in the bottom panels of Figures 4 and 5. A similar plot for MC 54, which includes the electron events of Figure 3 , is shown in the work of Kahler et al. [2009] .
[15] Our second computational method uses magnetic flux conservation, which demands that the axial field component varies as 1/r 2 . On the other hand, current conservation in the cylindrically symmetric topology of a MC demands that the tangential component B T vary as 1/r. Since the Lundquist solution has only one free variable, the axial field strength B 0 , at least one of these conservation laws is violated. It is, however, possible to maintain magnetic flux and current conservation and reformulate a field line length computation L FC . Somewhat arbitrarily, one can model the radius of the circular magnetic cloud cross section as a function of the distance from the Sun along the cloud axis l as
This simple Flux Conservation model, used by Larson et al. [1997] , basically states that the cloud cross section radius R(l) (minor radius) approaches zero at the two ends (near the Sun) and is maximum at the furthest point (1 AU). The advantage of the model is that it has only two free parameters: R 0 , the minor radius at 1 AU, obtained from fits to the in situ measurements, and L 0 , discussed above. Then using the r dependence of the magnetic field components derived above from the conservation principles, the field line length integral from above, and the simple cloud cross section model, we get
where only the sin term has any l dependence. All other terms are constants that can be determined from 1 AU measurements. Note that this formulation does not assume or require an exact Lundquist Bessel function for the magnetic field at any location. The requirements of this model are that the MC still has approximate cylindrical symmetry; thus its cross section can be described with a minor radius R 0 , and one can still define a dimensionless distance from the axis r/R 0 . This is why in equation (3) [16] It also should be noted, as discussed at length by Lepping et al. [2006] , that these fitted field profiles are allowed to go past the nominal boundaries of the ideal Lundquist flux ropes, leading to the reversal of the axial component. This does not adversely impact our conservation model as its input is simply the observed field line components. On the other hand, this was not allowed by our previous Lundquist formulation that assumed a pure Bessel function formulation of the MCs. We used equation (3) Table 1 . When the values are changing rapidly over the onset times of the 3DP electron events, we give the estimated value range. Otherwise we assume an uncertainty of ±20% in L L and L FC scaled from our uncertainty in the above estimate of L 0 . A detailed analysis of how the MC model parameters vary with magnetic field noise has been given by Lepping et al. [2003] .
[17] The comparisons of the model field line lengths in Figures 4 and 5 reveal two important points. First, the two models differ little from the assumed axial lengths, taken here as 1.35 AU, across a broad range closest to the MC axis. The field line length differences increase as the MC boundary is approached, so the electron event test cases best for dis-
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Approved for public release; distribution is unlimited. criminating either between models or between the MC interiors and exteriors will be those closest to the MC boundaries. Second, for some MCs the Flux Conservation model requires the reversal of flux sign discussed above and therefore of field direction in the outer region of the assumed MC interval [Lepping et al., 2006] . In contrast, the Lundquist model we used requires orthogonal fields and the longest L L at the MC boundary. This is evident in MC 21 (Figure 4 ) for which that model fit results in field lines orthogonal to the axis at r/R 0 = 0.57 and field lines roughly antiparallel to the axis field at 0.8 < r/R 0 < 1.0. Note that the field line lengths calculated for MC 6 by Larson et al. [1997] show this effect on 18 October (Figure 1 ).
Alternative MC Boundary Determinations
[18] Our eight MCs are selected from the widely used list of Lepping et al. [2006] , but other authors have treated some of those MCs with different assumptions about the boundary locations, which we summarize in Table 2 . Columns 2 and 3 give the MC onset and end times from the MFI list which we use and the times from the more comprehensive list of ICMEs maintained [Cane and Richardson, 2003] at http://www.ssg. sr.unh.edu/mag/ace/ACElists/ICMEtable.html, as well as those of Huttunen et al. [2005] and Jian et al. [2006] . The agreement is best for MC 6 (the range of the onset times is 1 h and for the end times 0 h) and worst for MC 61 (the onset and end time ranges are 38 and 10 h). The median range for both boundaries is only 2-4 h. MC models based on times from alternative MC lists would not only yield field line lengths different from our calculations but even change a few 3DP electron events from outside to inside an MC or vice versa as noted in the last column of Table 2 . In addition to the differences among MC models, the lack of agreement on MC boundaries is another mitigating factor in our confrontation of MC flux rope models with the energetic electron events.
Results
[19] The basic result of this work is shown in Figures 6 and  7 , where we compare the calculated model field line lengths L L and L FC versus the electron path lengths Le of the 30 events of Table 1 . For the Lundquist model ( Figure 6 ) the agreement is generally poor. The correlation coefficient r = 0.08 is not significant. Eight of the 10 best test cases of L L > 4 AU matched values of Le < 2.5 AU. For the Flux Conservation model ( Figure 7 ) the agreement may appear slightly better because that model does not predict so many cases of large path lengths as the Lundquist model does. However, the correlation coefficient r = 0.04 for the Flux Conservation model is also not significant.
[20] The arrows in Figures 6 and 7 indicate the data point corresponding to the well known first electron event of MC 6 on 18 October 1995 shown in Figure 1 . Its location near the MC boundary and its field line length of Le ∼ 3.2 AU, compared to the Le < 2 AU lengths near the MC center are well noted, as discussed in section 1.2. Outstanding among our 3DP electron events, that point indicates excellent agreement of Le with both model values. Our broader view of additional MC electron events, however, contrasts that data point with the overall poor agreement of Le with the model values.
[21] If we accept that the models may not provide accurate field line lengths, we can still ask whether Le values show expected trends of larger values close to MC boundaries and smaller values near MC centers and outside the MCs. In Figure 8 we show a superposed epoch plot of values of Le relative to the normalized MC boundaries, whose durations ranged from 13 to 60 hours, indicated by the dashed lines at 0 and 1.0. The uncertainties in boundary locations reflect the range of onset times of the 3DP electron channels for each event. We expect that a few examples will indicate the longest lengths present in MCs, but the two largest Le values lie outside MCs. Excepting the 18 October 1995 case discussed above, we found no examples of 3DP electron events with Le > 3.2 AU inside any of the eight MCs of our study. The values of the eight Le points outside the MCs, used to contrast field line lengths outside MCs with those inside MCs, are not distinguished from the 22 points inside the MCs. We also indicate those events that other studies (Table 2) [22] Finally, we can do a simple qualitative consistency check of the trends with time of the Le values for each energy channel within each 3DP event. The dispersion of the onset times, as illustrated in Figure 3 , means that each energy onset samples a slightly different part of the MC. If the model field line lengths are increasing (decreasing) during the times of electron onsets, we expect to see the derived Le values increase (decrease) as well. Outside the MC the values of Le should be relatively flat within each event. The classification of the trends is somewhat subjective and sometimes the two models show opposite trends, but our result is 17 cases of trends in the presumed wrong direction, 10 in the right direction, and three ambiguous. Thus this simple test of trends of onset times does not support the MC models.
Discussion
Comparing the MC Models
[23] We have confirmed the good agreement of the electron path lengths with those of the flux conservation model for MC 6 found by Larson et al. [1997] and extended those comparisons to seven additional MCs, but we find the electron path lengths to be uncorrelated with the model field line lengths for the combined eight MCs. The 3DP electron path lengths were compared with the calculations from the Lundquist model and a magnetic Flux Conservation model [24] Figures 4 and 5 also show that calculated field line lengths near the MC boundaries are highly model dependent. The agreement between our two models appears best for MCs 6 and 54 and worst for MCs 21 (Figure 4 ) and 72.2. In MC 21 the L FC field line lengths reached maximum well inside the boundaries of the MC at r/R 0 = 0.6 and then decreased toward the MC boundary. This same effect occurred for L FC at the initial 18 October MC encounter in Figure 1 , where MC parameters different from ours were used for that calculation [Larson et al., 1997] . In contrast, the Lundquist model we used required that the longest L L occurs at the MC boundary. This fundamental difference in model field line lengths at or near MC boundaries stands out when we consider the first and last events of MC 21 (Table 1) , which occurred near the MC [Huttunen et al., 2005] , CR03 [Cane and Richardson, 2003] (http:// www.ssg.sr.unh.edu/mag ace/ACElists/ICMEtable.html), J06 [Jian et al., 2006] . b Maximum differences in onset, end times in hours. Also, any displacements of electron event MC locations relative to the MFI onset and end times. Figure 7 . Same format as in Figure 7 , but for L FC .
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boundaries. The Le of those events are in good accord with L FC but much smaller than the large L L values.
Alternative MC Models and Effects
[25] Other models have been employed for MC flux rope fits. The same four different cylindrically symmetric flux rope models, two force-free and two non-force-free [Russell and Mulligan, 2003] , were fitted to 20 MCs [Gulisano et al., 2005] and to MC 6 [Dasso et al., 2006] to calculate their magnetic helicities per unit length. The distribution of the magnetic axial twist per unit length, t(r) = d/dz is distributed differently in those models [Dasso et al., 2006] , which include the force-free Lundquist model we used. However, the fitted MC values of t(0) ∼ 5-20 rad/AU for the four different models [Gulisano et al., 2005] suggest that the models could have comparable distributions of field line lengths but with rather different radial distributions. A comparison of the two force-free models with a recent noncylindrically symmetric flux rope model [Krittinatham and Ruffolo, 2009] supports that suggestion.
[26] Another effect not included here is the nonradial expansion of MC cross sections due to the diverging spherical geometry of the solar wind. Riley and Crooker [2004] modeled the expansion of an MC with a pressure gradient between the flux rope and the solar wind and found an MC aspect ratio (latitudinal to radial extents) of ∼5 at 1 AU. Consideration of various solar wind environments has led to further MC models with bent and/or convex or concave oblate boundaries [Owens, 2006; Démoulin and Dasso, 2009] . The field line lengths in the outer parts of those MCs would be lengthened from those of the cylindrically symmetric models by factors of about the aspect ratios, but this does not apply to the quasiradial field line segments closer to the Sun, which were not part of the expansion models. Thus we think that the basic results of our comparison of electron path lengths with the MC model field line lengths are not biased by the particular MC models used here.
[27] The azimuthal magnetic flux gives MCs their characteristic twisted flux-rope nature and provides the long path lengths optimal for testing the models with electron events. The azimuthal fields and field line lengths are most sensitive to model variations at the MC boundaries [Démoulin, 2008] , and that is why the boundary locations are crucial for accurate modeling , and efforts continue to refine the defining criteria [Lepping et al., 2009] . We have compared in Table 2 the boundary locations of the eight MCs determined from several sources. The median boundary differences are only 2 to 4 h, but in the eight cases indicated in Figure 8 the other studies would switch the 3DP electron events from outside to inside the MC or vice versa. The MC boundary uncertainty is a concern, but it also does not invalidate our results.
Implications for the Flux Rope Interpretation
[28] With our limited number of data points in Figures 6 and 7 we also found no distinction of path lengths Le between the 22 calculated MC fields and their eight external fields, suggesting no difference in path length distributions between MCs and their surrounding solar wind fields. Even the assumption of a flux rope with longer field line lengths at the MC boundaries is not supported by the superposed epoch plot of Figure 8 . In section 1.1 we reviewed some of the ambiguous or contradictory results obtained in efforts to explore the solar energetic particle signatures of fields in MCs or ICMEs. The lack of a clear difference in the calculated Le between MC interiors and exteriors constitutes another such example. One reason may be that a substantial amount of interchange reconnection has taken place between the outer fields of some MCs and the surrounding solar wind fields [Larson et al., 1997; Dasso et al., 2006; Baker et al., 2009] , providing direct magnetic connections to the Sun through field lines exterior to the MCs. Reconnection occurring across current sheets formed within oblate MCs [Gosling and Szabo, 2008; Owens, 2009] could also diminish the initial extended field line lengths in the outer regions of those MCs. A recent approach has considered poloidal flux conservation between MCs and their associated photospheric active regions to find axial lengths of MCs carrying the magnetic twist. Yamamoto et al. [2010] found MC poloidal lengths of only 0.01 to 1.25 AU, contrary to the usual assumption that the poloidal lengths extend to 2.5 AU or greater. That would generally imply substantially shorter model field line lengths than we calculated here, especially at the MC boundaries.
[29] The similarity of the interior and exterior MC Le values may also be consistent with recent modeling showing that the field rotations characteristic of MCs may not be flux ropes at all but rather the writhe of the magnetic fields produced by lower coronal reconnection between the erupting field and the global field [Jacobs et al., 2009] . Alternatively, simulations of single reconnection events in current sheets with guide fields have shown that the reconnected fields can sweep up unreconnected guide fields, creating a field rotation looking like a flux rope twist [Linton and Moldwin, 2009] . Lacking the high twist of flux ropes, the field line lengths in such cases would probably be much shorter than expected for flux ropes and more in accord with our results of a lack of clear difference between interior and exterior field line lengths of MCs. Table 2 web site and ranging from 13 to 60 h, are normalized to unity. Each data point represents one 3DP electron event of Table 1 . This plot allows us to evaluate the implications of a flux rope interpretation independently of any flux rope model. The circled points are those which would be displaced across an MC boundary if alternative boundaries of Table 2 were used.
[30] Our goal here has been to test specific MC models by their calculated field line lengths. We expected that if significant twist is characteristic of MC models in general, we should have found some cases of large Le in the MC outer regions. A possible extension of this work is to test flux rope models for MCs at distances beyond 1 AU, for which the field line lengths are much longer than at 1 AU. Calculating path lengths for electrons in all ICMEs, not only MCs, could explore differences in field geometries between MCs and non-MCs. In the absence of any geometric model we can still ask whether we find evidence in any ICMEs for the presence of extended Le > 4 AU electron path lengths, which could indicate the presence of twisted flux ropes in those ICMEs.
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